A novel bridged nucleic acid, 3'-amino-2'-deoxy-3',4'-BNA, having an N3' + P5' phosphoramidate linkage and an S-type conformation, was successfully synthesized. It showed selective hybridization ability toward ssDNA complements, and high enzymatic stability against snake venom phosphodiesterase.
INTRODUCTION
In the last decade the synthesis and evaluation of various nucleic acid analogues has been carried out for the development of antisense and antigene molecules. Especially, there is great interest in synthesized oligonucleotides with a modified furanose sugar moiety. Recent research has focused on restricting the conformation of the furanose ring into either an S-or N-type conformation.* Double-stranded RNA and DNA are generally favorable to forming A-and B-type helical structures, respectively. In each structure, the furanose moieties in RNA exist in an N-type and those in DNA generally exist in an S-type.
Recently, we developed novel modifications of nucleic acids, bridged nucleic acids (BNAs), such as 2 ', 4 '-BNA (Figure 1) . The 2',4'-BNA, of which the conformation is locked in N-type, showed strong hybridization ability towards RNA complement^,^ while the 3',4'-BNA having a restricted S-type conformation and a 2',5'-linkage exhibited favorable features as an antisense/antigene mo~ecule.~ To investigate the properties of oligonucleotides having a restricted S-type sugar conformation and a 3',5'-linkage, we designed a novel nucleic acid analogue, 3'-amino-2'-deoxy-3 ',4'-BNA, which has an azetidine-fused furanose ring and an N3'+P5' phosphoramidate linkage (Figure 1 ). Gryaznov et al. reported that oligonucleotides containing an N3'+P5' phosphoramidate linkage had an N-type sugar conformation predominantly and showed superior binding affinity with ssRNA, ssDNA and dsDNA, along with high resistance to enzymatic degradati~n.~ Thus, the effect of ..
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Scheme 1 Reagents and conditions: I, Ph3P, reflux, 99% ; ii, PhOCH2COC1, EtlN, CH2C12, room temp., 91%; iii, Ac20, AcOH, HzSOI, room temp., 74%; iv, thymine, BSA, TMSOTf, reflux., 100%; v, K2CO] , MeOH, room temp., 98%; vi, PhOCSCl, DMAP, MeCN, room temp; vii, ABN, BuSnH, toluene, reflux, 55% sugar conformation on the oligonucleotides with an N3'+P5' phosphoramidate linkage is of great interest.
Here we would like to describe the synthesis and some properties of the novel nucleic acid, 3'-amino-2 '-deoxy-
RESULTS AND DISCUSSION
The synthesis of the 3'-amino-2'-deoxy-3 ',4'-BNA monomer was accomplished as shown in Scheme 1 . The azetidine 2 was obtained in 99% yield directly fi-om azido alcohol l 6 via an aza-ylide intermediate under Staudinger's conditions. (triphenylphosphine, o-xylene, A). After phenoxyacetylation of the azetidine 2, acetolysis was performed to give the diacetate 3 in 74% Coupling reaction of 3 with silylated thymine effectively proceeded to give the desired j3-anomer of 4, exclusively. 'Treatment of 4 with K2C03 in methanol gave the corresponding alcohol. of which the hydroxy group at the C2 position was removed by radical deoxygenation to afford 5. The phenoxyacetyl group of 5 was converted to a monomethoxytrityl (MMTr) group to give 6. Desilylation of 6 followed by phosphitilation provided the corresponding amidite 7. 3 '-Amino-2'-deoxy-3',4'-BNA oligonucleotides were prepared by standard phosphoramidite protocol on DNA synthesizer. except for a prolonged coupling time (20 min). Coupling yield of the amidite 7 was estimated to be inore 3 ',4'-BNA. than 75% from a trityl monitor. The duplex-forming ability of the 3 '-amino-2'-deoxy-3',4'-BNA modified oligonucleotides
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with complementary ssDNA and s R N A were evaluated under near physiological conditions on the basis of melting temperatures (T,,,s) (Table I) . Replacement of a natural nucleotide by the 3'-amino-2'-deoxy-3',4'-BNA tnonomer in a 12-mer oligonucleotide resulted in stabilization of' the duplex structure with a DNA complement, while slight decrease in the Ti,, values was observed for the duplex with an RNA complement. Thus, the 3 '-amino-?'-deoxy-3 '.4'-BNA prefers binding with DNA instead of RNA, probably due to its restricted S-type sugar conf'ormatioir
The nuclease-resistance of 3.hmino-2 '-deoxy-:'~4.-BNA modified oligonucleotide 11 againsl 1 . exonuclease (snake venoni phosphodiesterase, SVPDE 1 was compared with that of the natural oligothymidilate 12, the 2'.4'-HNA modified oligonucleotide 13 and S-oligo 14 (Figure 2 ) . I'he degradation of oligonucleotides were analyzed by reversedphase HPLC' analysis, and was determined by the percentage of full-length oligonucleotides at several time points. The nuclease-resistance of the 3 '-amino-2'-deoxy-3',4'--BNA modified oligonucleotide I 1 was Ibund to be superior to those of the 2'.4'-BNA oligcmuzlcotide 13 arid S-oligo 14
CONCLUSION
Synthesis of the 3'-amino-2'-deox)..-3 ',-I'-HKA oligonucleotide having an N3'3P5' phosphoramidate linkage and a restricted S-type sugar contormation has been successfully accomplished. The obtained oligonucleotide analogue showed DNA selectivity in duplex formation, along with the great enzymatic stability against SVPDE. rhese properties of the 3 '-amino-2'-tleoxy-3 '.I'-BNA oligonucleotide would be suitable for development of novel technology in the post-genome-sequence era
